Pure ZnO nanopowders were synthesized by the sol-gel method, which has several advantages, among which we include, achieving low temperature deposition and synthesis of new hybrid organo-mineral materials. The eect of the elaboration conditions (the elaboration concentrations ratio of precursors (CZ/CA), the gelling temperature (Tg) and the gelling time (tg)) on the structural, morphological and luminescence properties of ZnO nanopowders has been investigated. The chemical composition of the powders, determined by FTIR spectroscopy, indicate the exclusive presence of Zn-O bonds, as it is shown by the XRD spectra. The XRD results indicate also that the synthesized ZnO powder is a solid solution, crystallizing in pure würtzite structure with a minimum grain size of about 23 nm for the powders prepared using: CZ/CA = 0.06%, Tg = 130
Introduction
ZnO remains a very interesting material because of its properties, allowing it to cover a wide eld of applications. Among these numerous properties we cite, in particular, that it is a semiconductor with a wide band gap (3.37 eV at 300 K) and it is transparent in the visible and near infrared. The applications of ZnO in many elds such as: the manufacture of varistors, cathodoluminescence [14] , photoluminescence [5] , electroluminescence, photocatalysis [6] and many other areas such as: piezoelectricity [7] , its use as a substrate for the epitaxy of GaN thin layers [8] and the decontamination of water, still attract the interest of researchers and industry. The powder technology occupies a very important place in the industry, continuously creating many scientic curiosities. Powder production process is classied according to the techniques used [6, 912] , the diversity of applications and the control of certain characteristics such as the morphology and the grain size. Among the methods used to elaborate ZnO nanopowders, we have chosen in this study the sol-gel root, which is a simple and nonexpensive method. This study is part of the development of new material properties, intended for new applications such as: biomaterials, inorganic membranes [13] , sensors and photonic materials [1417] . In this work, we have * corresponding author; e-mail: louiza.arab@gmail.com tried to elucidate the inuence of the elaboration conditions (the precursor concentration, the temperature and the gelling time) on the properties of ZnO nanopowders.
Experimental
ZnO nanopowders were synthesized by the sol-gel technique. Zinc acetate dehydrate (Zn(CH 3 COO) 2 · 2H 2 O) (purity > 99%, BiochemChempharma) is used as starting material, ethylene glycol (C 2 H 6 O 2 ) (Biochem Chempharma), and citric acid (C 6 H 8 O 7 ) (purity > 99% Prolab) are used as solvent and stabilizer, respectively. First the zinc acetate and citric acid were dissolved in ethylene glycol at a temperature T g , called the gelling temperature. The concentration of zinc acetate and citric acid are C Z and C A respectively. Then the solutions were mixed, stirred and maintained at this temperature for a duration t g , time of gelling, to yield a clear homogenous gel. Finally, to obtain ZnO powders, the gel was calcined at 500
• C in a furnace in air. In order to investigate the eect of elaboration conditions on the structural morphological and luminescence properties of ZnO nanopowders, we have changed the molar ratio of zinc acetate to citric acid (C Z /C A ), the temperature (T g ) and the time of gelling (t g ). Thus obtained ZnO nanopowders are characterized by X-ray diractometer BRRUKERAXS D8 with CuK X-ray radiation (λ = 0.154056 nm), FTIR spectroscopy (Thermonicolet), scanning electronic microscope (SEM) using the TESCAN VEGA TS 5130 MM, and photoluminescence using the Perkin Elmer LS 55.
(940) Figure 1 exhibits X-ray diraction patterns of ZnO nanopowders with dierent molar ratio (C Z /C A ). The positions of the diraction peaks show that all the powders are polycrystalline ZnO having hexagonal würtzite structure. The full width at half maximum (FWHM) of the peaks increases with the decreasing molar ratio (C Z /C A ). This means that the grain size decreases with decreasing molar ratio (C Z /C A ), (Fig. 2) . The grain size being evaluated by the Scherrer's formula [18] 
where λ, θ and δ are the X-ray wavelength (1.54056 Å), the Bragg diraction angle and the full width at halfmaximum (FWHM) respectively. The curve reaches the minimum of the grain size (23 nm) for the molar ratio equal to 0.06%.
Fig. 1. X-ray diraction patterns of ZnO nanopowders. Eect of molar ratio CZ /CA (%).
The lattice parameters of powders were calculated using equation
where d is the interplanar distance, a and c are the lattice parameters and (h, k, l) are the Miller indices. First of all we notice that the lattice parameters remain almost constant for all molar ratios. FTIR results shown in Fig. 3 indicate that, for every mole ratio, absorption occur at the same wavenumber. We have recorded vibration at 430.80 cm −1 , which is attributed to the ZnO band. The vibrations recorded at 1592.29, 2366.95 and 3441.47 cm −1 are attributed to the C=O, CO 2 , OH respectively. We think that these vibrations are due to the elaboration conditions (water, CO 2 , and so on). SEM image (Fig. 4) of ZnO nanopowders prepared with molar ratio of 0.06%, shows the morphology of the powders. We have observe shapes like sheets (Fig. 4a) with average thickness of about 5 nm (Fig. 4b) . According to XRD data, grains reach the size of 23 nm. Thus we can say that the sheets are actually made of small particles, agglomerated together. We deduce also that the obtained powders of both sets have a proper stoichiometry.
PL spectrum at room temperature of pure ZnO nanopowder, synthesized with the molar ratio of 0.06% is shown in Fig. 6 . The most important establishment is that the studied powder shows luminescence peaks in the spectrum range from green to the ultraviolet light, which can be used to manufacture transmitters using, respectively, the green, the blue and the ultraviolet emissions. The studies of the defect connected to the luminescence peaks are presented in more detail in our previous paper [19] . 4 . Conclusion Pure ZnO nanopowders have been elaborated by the sol-gel technique, with dierent molar ratio C Z /C A (%). The obtained substances have been characterized by means of XRD, FTIR, EDS, SEM, and PL to determine the eect of molar ratio on the structural, morphological and optical properties.
All the obtained powders follow the würtzite structure. They are constituted by very small grains. The smallest grain size has been recorded for the molar ratio of 0.06% and is equal to 23 nm. The morphology of the powder, as shown by SEM images, is dominated by sheets with different sizes. The luminescence peaks cover the spectrum from green to the ultraviolet light. The most intensive are the peaks emitted in the blue luminescence region.
